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Amendments to the Claims; 

This listing of claims will replace all prior versions, and listings, of claims in the 
application; 

Listing of Claims: 

Claim 1 . (original) A scanner system for capturing three-dimensional information of 
an object, comprising; 

a projection system projecting a pattern onto said object along a first axis; 

an electronic imaging device comprising an array of pixels, said electronic 
imaging device oriented along a second axis different from said first axis, said electronic 
imaging device forming an image of said pattern after reflection of said pattern off of said 
object; 

a memory storing a three-axis (X, Y and Z) coordinate system calibration 
relationship for said scanner, said calibration relationship identifying: (1) pixel 
coordinates for said electronic imaging device for numerous portions of said pattern, said 
pixel coordinates associated with distance information from said projection system in a Z 
direction at at least two different Z distances, and (2) distance information in X and Y 
directions, for said numerous portions of said pattern, at said at least two different Z 
distances; and 

at least one processing unit processing said image of said pattern and comparing 
data from said image to said calibration relationship to thereby derive spatial information 
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in three dimensions of points on said object reflecting said projected pattern onto said 
electronic imaging device. 

Claim 2. (original) The scanner system of claim 1, wherein said processing system 
derives said Spatial information in three dimensions from said calibration relationship 
without use of optical characteristics of lens systems associated with said projection 
system and said electronic imaging device, to thereby compensate for optical distortions 
present in said lens system. 



Claim 3. (original) The scanner system of claim 1, wherein said calibration 
relationship (1) is obtained by projection of said pattern onto at least one surface and 
detecting at least a portion of the pattern with said electronic imaging device with said at 
least one surface placed at at least two known Z distances from said projection device. 

Claim 4, (original) The scanner system of claim 3, wherein said at least one surface 
comprises a reference object of known geometry. 

Claim 5. (original) The scanner system of claim 4, wherein said reference object 
comprises a planar surface. 
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Claim 6. (original) The scanner system of claim 3, wherein said reference object 
comprises a curved surface. 

Claim 7. (original) The seamier system of claim 1, wherein said calibration 
relationship (2) is obtained, at least in part, by imaging a reference object having a 
plurality of clearly distinguishable objects spatially separated from each other in X and Y 
directions at said at least two different Z distances. 

Claim 8. (original) The scanner system of claim 7, wherein said reference object 
comprises a plane having an array of X-Y points. 

Claim 9. (original) The scanner system of claim 7, wherein said array of points 
comprises at least four points- 
Claim 10. (original) The scanner system of claim 7, wherein said array of points 
comprises apertures in a planar surface which are backlit by a source of illumination. 

Claim 1L (original) The scanner system of claim 7, wherein said reference object is 
moved between said two different Z distances to thereby generate said calibration 
relationship (2). 
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Claim 12. (original) The scanner of claim 1, wherein said projection system and said 
electronic imaging device are contained in a housing sized and shaped to be held in a 
human hand. 

Claim 13. (original) The scanner system of claim 12, wherein said housing further 
comprises a distal portion holding a mirror, and wherein said distal portion is sized and 
shaped so as to be insertable into and moveable within an oral cavity of a human so as to 
enable scanning of anatomical structures inside the oral cavity. 

Claim 14. (original) The scanner system of claim 1, wherein said memory and 
processing unit are located in a scanning workstation, said scanning workstation further 
comprising a monitor operatively connected to said processing unit, said monitor 
displaying three-dimensional images of said object during or after said processing unit 
has derived said spatial information. 

Claim 15. (original) The scanner system of claim 1, wherein said projection means 
illuminates said object at in a series of flashes at a rate of at least one flash per second, 
and wherein said electronic imaging device captures a series of images of said pattern 
after reflection from said object at a frame rate substantially in synchronism with said 
rate. 
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Claim 16. (original) The scanner system of claim 1, wherein said object comprises a 
work of ait. 

Claim 17. (original) The scanner system of claim 1, wherein said object comprises a 
human body. 

Claim 18. (original) The scanner system of claim 1, wherein said object comprises a 
workpjece. 

Claim 19. (original) The scanner system of claim 1, wherein said processing unit 
executes software performing (1) pattern recognition of images captured by said 
electronic imaging device, (2) decoding of patterns detected by said pattern recognition 
software to identify specific portions of said projected pattern captured by said electronic 
imaging device; and (3) calculation of spatial coordinates in three dimensions for said 
specific portions of said pattern in accordance with said calibration relationship stored in 
said memory. 



Claim 20. (original) The scanner system of claim 1, wherein said processing unit 
further executes a registration algorithm for registering three-dimensional spatial 
coordinates assigned to a first frame derived from a first captured image with three- 
dimensional spatial coordinates assigned to a second frame derived from a second 
captured image. 
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Claim 2 L (original) The scanner system of claim 1, wherein said calibration 
relationship comprises a calibration table, and wherein said calibration table contains 
pixel coordinates in calibration relationship (1) in sub-pixel resolution. 

Claim 22. (original) The scanner system of claim 21, wherein said calibration table 
contains said distance information with a resolution greater than 1 millimeter. 

Claim 23. (original) The scanner system of claim 1, wherein a reflective material is 
applied to said object prior to capturing images of said object with said electronic image 
converter- 
Claim 24. (original) The scanner system of claim 1, wherein said object comprises a 
tooth. 

Claim 25. (original) The scanner system of claim 1, wherein said projection pattern 
portion comprises a series of parallel lines, and wherein said projection pattern contain 
elements that vary in a direction both parallel to said lines and perpendicular to said lines- 
Claim 26. (original) A method of obtaining three-dimensional surface information of an 
object, comprising the steps of: 
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positioning a scanner proximate to said object, said scanner having a projection 
system for projecting a pattern onto said object and an electronic imaging device 
generating two dimensional images of the reflection of said pattern off of said surface; 

moving said scanner and object relative to each other; 

capturing, with said electronic imaging device, a series of two dimensional 
images of said projection pattern after reflection of said pattern off of said object as said 
scanner and said surface move relative to each other; 

processing said series of images to obtain a series of frames of said object, each 
frame comprising spatial coordinates for a portion of the surface of said object in three 
dimensions, and 

registration overlapping areas of said frames to each other to generate a three- 
dimensional virtual model of said object 

Claim 27. (original) The method of claim 26, wherein said series of images are 
captured at a rate of at least one image per second and wherein said pattern is projected 
onto said object in a series of flashes timed at a rate in synchronism with said image 
capture rate. 

Claim 28. (original) The method of claim 27, wherein after initiation of said series of 
flashes said flashes continue automatically without human intervention. 
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Claim 29. (original) The method of claim 26, wherein said step of processing further 
comprises a step of executing a decoding algorithm identifying specific portions of said 
projected pattern captured by said electronic imaging device after reflection from said 
object. 

Claim 30. (original) The method of claim 26, further comprising the step of storing a 
calibration relationship for said scanner wherein said processing system derives said 
spatial information in three dimensions from said calibration relationship without use of 
optical characteristics of lens systems associated with said projection system and said 
electronic imaging device, to thereby compensate for optical distortions present in said 
lens system. 

Claim 31. (original) The method of claim 30, wherein said calibration relationship 
comprises a mathematical function providing Z distance information and X and Y values 
from input comprising pixel addresses in said electronic imaging device. 

Claim 32. (original) The method of claim 30, wherein said calibration relationship 
comprises a calibration table. 

Claim 33. (original) The method of claim 26, further comprising the step of providing a 
data storage medium storing two dimensional images obtained by said electronic imaging 
device needed to cover said object. 
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Claim 34. (original) The method of claim 26, wherein said step of processing 
comprising the steps of: 

a) performing pattern recognition of said series of images to detect 
features of said projected pattern in each of said images, 

b) decoding of patterns detected by $aid pattern recognition step to 
identify specific portions of said projected pattern captured by said 
electronic imaging device; and 

c) calculation of spatial coordinates in three dimensions for said specific 
portions of said decoded pattein$- 

Claim 35. (original) The method of claim 34, wherein said step of calculation 
comprises comparing decoded points of said projected pattern captured by said electronic 
imaging device with calibration values stored in a calibration table stored in a memory 
for said scanner. 

Claim 36. (original) The method of claim 34, wherein each two-dimensional image 
captured by said electronic imaging device is converted to a frame in accordance with 
said calculation step, and wherein said series of frames are stored in a memory, and 
wherein the method further comprises the step of executing a registration algorithm to 
register said series of frames to derive a toes-dimensional model of the surface of said 
object. 
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Claim 37. (original) The method of claim 26, wherein said scanner comprises a hand- 
held unit, 3 

Claim 38. (original) The method of claim 26, wherein said scanner is used to obtain a 
three-dimensional model of an anatomical structure. 

Claim 39. (original) The method of claim 38, wherein said anatomical structure 
comprises teeth- 
Claim 40. (original) The method of claim 39, wherein said teeth are scanned in-vivo 
with said scanner. 

Claim 41. (original) The method of claim 39, wherein a physical model is made from 
said anatomical structure and wherein said scanner scans said physical model. 

Claim 42. (original) The method of claim 41, wherein said physical model comprises a 
model of a patient's teeth and surrounding anatomical structures. 

Claim 43. (original) A method of calibration of a scanner, said scanner comprising a 
projection system for projecting a pattern and an electronic imaging device for generating 
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an image of said pattern after reflection of said pattern from an object, comprising the 
steps of: 

projecting said pattern onto at least one surface at two different distances from 
said scanner and generating first and second images with said electronic imaging device 
of said pattern at said two distances; 

imaging a set of objects of known spatial X-Y relationship at said two different 
differences; 

generating a three-axis (X, Y and Z) coordinate system calibration relationship for 
said scanner, said calibration relationship indicating: (1) pixel coordinates for numerous 
portions of said pattern when said pattern is projected onto said surface at said two 
different distances, and (2) distance information in X and Y directions for said portions of 
said pattern for said two different distances; and 

storing said calibration relationship in a memory associated with said scanner. 

Claim 44. (original) The method of claim 43, wherein said set of objects of known 
spatial X-Y relationship comprises an array of points lying in a plane and separated from 
each other by a known distance. 

Claim 45. (original) The method of claim 44, where said step of generating said 
calibration relationship comprises the step of interpolating said distance information in X 
and Y directions for portions of said pattern from said images of said array of points. 

OraMetrix, Inc. Page 1 2 of 22 

2350 Cainpbell Creek Blvd., Suite 400 
Richardson, Texas 75082 

PAGE 14124 » RCVD AT 9/3/2004 3:17:14 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 * DN1S:8729314 * C8ID:9727285600 ' DURATION (mm-ss):05-10 



SEP. 3.2004 2:21PM ORAMETR I X (972) 728-5600 NO. 4169 P. 15 

Appl. No. 09/834,593 

Amdt Dated Sep. 03, 2004 

Reply to Office action of Aug. 12, 2004 

Claim 46. (original) The method of claim 43, wherein said pixel coordinates for said 
numerous portions of said pattern are obtained by performing the following steps: 

a) performing pattern recognition of said first and second images to 
detect features of said projected pattern in each of said images, and 

b) associating said specific portions of said projected pattern to specific 
pixels, or sub-pixels, of said electronic imaging device. 

Claim 47. (original) The method of claim 44, wherein said array of points comprises a 
back-lit, planar surface having a plurality of apertures arranged in an array and separated 
from each other by a known distance. 

Claim 48. (original) The method of claim 43, wherein said scanner comprises a hand- 
held scanner. 

Claim 49. (original) The method of claim 47, wherein said scanner remains fixed in 
position and wherein said flat planar surface and said back-lit surface are moved back and 
forth relative to said scanner to achieve said first and second distances. 

Claim 50. (original) A calibration apparatus for a scanner, said scanner having a 

projection system for projecting a pattern and a electronic imaging device for capturing 
images of said pattern after reflection of said pattern off an object, comprising: 
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at least one calibration surface comprising a Z calibration surface and an X-Y 
calibration surface, and wherein the calibration station further comprises: 

a carrier system holding said Z calibration surface and said X-Y calibration 
surface and moving said Z calibration surface and said X-Y calibration surface relative 
to said scanner between two different distances from said scanner; 

said carrier system further comprising a drive mechanism for moving either said Z 
calibration surface or said X-Y calibration surface into the optical path of $aid scanner. 

Claim 51. (original) The calibration station of claim 50, wherein said Z calibration 
surface comprises a smooth, flat, planar reflective surface. 

Claim 52. (original) The calibration station of claim 50, wherein said X-Y calibration 
surface comprises a back-lit, planar surface having a plurality of apertures arranged in an 
array and separated from each other by a known distance. 

Claim 53. (original) The calibration station of claim 50, wherein said X-Y calibration 
surface comprises planar surface having a plurality of light sources arranged in an array 
and separated from each other by a known distance. 

Claim 54. (original) A machine-readable memory for a scanner used to calculate three 
dimensional information of an object scanned by said scanner, said scanner having a 
projection system for projecting a pattern onto an object and a electronic imaging device 
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for imaging said pattern after reflection of said pattern from said object, said memory 
comprising: 

an array of data storage locations containing a fhree-axis (X, Y and Z) coordinate 
system calibration relationship for said scanner, 

said calibration relationship identifying: (1) pixel coordinates for said electronic 
imaging device for numerous portions of said pattern, said pixel coordinates associated 
with distance information from said projection system in a Z direction at at least two 
different Z distances, and (2) distance information in X and Y directions, for said 
numerous portions of said pattern, at said at least two different Z distances. 

Claim 55. (original) The machine-readable memory of claim 54, wherein said 
calibrtation relationship comprises a calibration table. 

Claim 56. (original) The machine-readable memory of claim 54, wherein said memory 
is incorporated into a scanning work station coupled to said scanner. 

Claim 57. (original) The machine-readable memory of claim 54, wherein said memory 
is incorporated into said scanner. 

Claim 58. (original) The machine-readable memory of claim 54, wherein said memory 
is incorporated into a computer remote from said scanner and receiving data from said 
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scanner, said computer calculating surface geometry of an object scanned by said scanner 
in accordance with said table. 

Claim 59. (original) A machine-readable memory accessible by a computing device, 
said memory comprising data storage regions storing surface information in three 
dimensions of at least a portion of a work of art, said surface information obtained by 
scanning said work of art with a scanner and calculating said surface information in three 
dimensions from a series of images obtained by said scanner. 

Claim 60. (original) The machine-readable memory of claim 59, wherein said memory 
comprises a library of surface information in three dimensions for a plurality of works of 
art. 

Claim 61. (original) The machine-readable memory of claim 59, wherein said scanner 
comprises a hand-held scanner. 

Claim 62. (currently amended) The machine-readable memory of clam [[59]]60, 
wherein said work of ait is authenticated using said library of said plurality of works of 
ait. 

Claim 63. (original) The machine-readable memory of claim 59, wherein said work of 
ait comprises a sculpture. 
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Claim 64. (original) The machine-readable memory of claim 59, wherein said surface 
information is obtained by a scanner calibrated in accordance with the method of claim 
43. 

Claim 65. (original) A calibration device for a scanner, wherein said scanner has a 
projection system for projecting a pattern and an electronic imaging device for capturing 
images of said pattern after reflection of said pattern off an object, the calibration device 
comprising: 

a Z calibration surface receiving said projected pattern moveable relative to said 
scanner between at least two Z distances separated by a known amount; and 

a plurality of detectable features of known X-Y spatial relationship positioned 
with respect to said scanner at a known Z distance relative to said Z calibration surface. 

Claim 66. (original) A calibration device for a scanner, wherein said scanner has a 
projection system for projecting a pattern and an electronic imaging device for capturing 
images of said pattern after reflection of said pattern off an object, the calibration device 
comprising: 

a Z calibration surface receiving said projected pattern and having a spatial extent 
reflecting said pattern at at least two Z distances separated by a known amount; and 
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a plurality of detectable features of known X-Y spatial relationship positioned at 
at least two known Z distances relative to said Z calibration surface. 

Claim 67. (original) The calibration device of claim 65, wherein said Z calibration 
surface comprises a planar surface. 

Claim 68. (original) Hie calibration device of claim 65 or claim 66, wherein said Z 
calibration surface includes said plurality of detectable features of known X-Y spatial 
relationship. 

Claim [[68]]69. (currently amended) The calibration device of claim 65 or claim 66, 
wherein $aid Z calibration surface and said plurality of detectable features of known X-Y 
spatial relationship comprise distinct objects. 

Claim [[69]]70. (currently amended) The calibration device of claim 65 or claim 66, 
wherein said plurality of detectable feature comprise 4 or more detectable features. 

Claim [[70]]7L (currently amended) The calibration device of claim 65 or claim 66 
wherein said plurality of detectable features comprise an array of points placed on a 
surface. 
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Claim [[70]] 72. (currently amended) The calibration device of claim 65 or claim 66, 
wherein said plurality of detectable features of known X-Y spatial relationship are printed 
on an object. 

Claim [[71]]73. (currently amended) The calibration device of claim 65 or claim 66, 
wherein said plurality of detectable features of known X-Y spatial relationship are 
formed on a surface of an object by a laser. 

Claim [[72]J74- (currently amended) The calibration device of claim 65 or claim 66, 
wherein said Z calibration surface comprises a curved surface. 

Claim [[73]]75- (currently amended) The calibration device of claim 66, wherein said Z 
calibration surface comprises an plurality of planar parallel surfaces. 

Claim [[74]]76. (currently amended) The calibration device of claim 65 or claim 66, 
wherein said calibration device is used to calibrate a scanning system in which the spatial 
relationship of the projection and imaging axes is not known precisely. 

Claim [[75]]77. (currently amended) The calibration device of claim 65 or claim 66 f 
wherein said Z calibration surface has a spatial extent in X and Y directions such that the 
field of view of said electronic imaging device is completely filled by said Z calibration 
surface at said two different distances. 
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Claim [[76]]78. (currently amended) The calibration device of claim 65 or claim 66, 
wherein said two Z distances is such that the combined depth of focus of the imaging 
device and the projection device encompasses said two Z distances. 

Claim [[77]]79. (currently amended) The calibration device of claim 65 or claim 66, 
wherein said plurality of detectable features of known X-Y spatial relationship are 
arranged on an object such that they are spatially extending in X and Y directions on said 
object at said two different distances at least equal to the field of view of said electronic 
imaging device. . 

Claim [[78]]80- (currently amended) The calibration device of claim 65 or claim 66, 
wherein said plurality of detectable features of known X-Y spatial relationship comprise 
an array of dots printed on a surface. 

Claim [[79]]8l . (currently amended) The apparatus of claim 1 wherein said scanner 
further comprises source of general iUtttnination, 

Claim [[80]]82. (currently amended) The method of claim 26, wherein said scanner 
further comprises a sourde of general illumination. 

Claims 83-88. (canceled) 

OraMetrix, Inc. Page 20 of 22 

2350 Campbell Creek Blvd., Suite 400 
Richardson, Texas 75082 



PAGE 22/24 * RCVD AT 9/312004 3:17:14 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 * DNIS:8729314 * CSID:9727285600 * DURATION (mm-ss):05-10 



